SUMMARY Digital subtraction angiography permits high resolution imaging of the left ventricle after an intravenous injection of contrast medium. The capacity of digital subtraction angiography to detect ischaemic wall motion abnormalities was tested in 150 consecutive patients without myocardial infarction who were referred for coronary angiography. Digital ventriculograms were considered to be abnormal if there was a severe wall motion abnormality at rest or if segmental wall motion deteriorated after exercise. The global ventricular response to exercise was considered to be abnormal if the ventricular ejection fraction computed by the Dodge area length formula was < 50% at rest or failed to increase after exercise. Seventy eight (52%) of these subjects had stenosis of > 50% of at least one major coronary artery. In 36 (24%) more than one major coronary vessel was affected. Sensitivities for the detection of stenoses > 50% coronary obstruction were 82% and 69% for an abnormal segmental wall motion response and an abnormal ejection fraction response respectively. The specificity of these test responses was 76% and 68% respectively. No complications resulted from the digital ventriculographic studies.
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It is concluded that safe adequate digital ventricular imaging at rest and after exercise is possible and that an abnormal wall motion response is a sensitive indicator of important coronary obstructive disease.
Radionuclide ventriculography may be used to detect the exercise induced changes in left ventricular wall motion that indicate myocardial ischaemia. Early studies reported that it had a high sensitivity and specificity for the prediction of severe coronary obstructions.
Cross sectional echocardiography46 has shown promise as a technique for the study of left ventricular function after exercise, but it has low spatial resolution and it can be difficult to obtain adequate images in some patients. Digital subtraction ventriculography gives high resolution images of the left ventricle after intravenous injection of contrast. It may be able to detect exercise induced wall motion abnormalities caused by myo-cardial ischaemia after exercise. 7 Immediately after the end of exercise the subject was asked to hold his breath at deep inspiration (2-4 s). Under fluoroscopic guidance the x ray image intensifier was repositioned. The subject was then allowed to exhale and again inhale deeply and hold his breath. A mask image was then taken, the subject was told to breathe normally, and contrast was injected. Subtracted image acquisition and fluoroscopy began immediately before the contrast injection so that the progress of the contrast bolus and the movements of the diaphragm could be monitored. As soon as the bolus had cleared the right ventricle, the subject was instructed to inspire deeply and hold his breath a third time. A few seconds after the contrast had cleared from the left ventricle, image acquisition was stopped and the patient was able to breathe normally.
The resting and exercise ventriculograms were immediately reviewed to determine their diagnostic adequacy. Electronic contrast enhancement and mask resubtraction were applied to enhance the visualisation of the endocardial edges. This remasking used mask images that followed the clear- Tables 1 and 2 show the comparative sensitivities and specificities of the various exercise ventricu- lographic and electrocardiographic variables used to detect important disease and multivessel disease respectively. There were resting wall motion abnormalities (at least grade 4) (Fig. 1) in 24% of subjects with important disease and in 39% with multivessel disease. Such resting abnormalities occurred in only 4% of subjects without important coronary obstructions. Exercise induced a worsening of segmental wall motion (Fig. 2) in 76% of subjects with important disease and in 81% of subjects with multivessel disease. Either a severe resting wall motion abnormality (at least grade 4) or an exercise induced worsening of wall motion occurred in 82% of subjects with important disease and in 89% of subjects with multivessel disease. Neither resting nor exercise induced wall motion abnormalities (Fig. 3) were present in 76% of subjects without important coronary obstructions.
Detrano, Yiannikas, Simpfendorfer, Hobbs, Salcedo EJECTION FRACTION RESPONSE The mean ejection fractions at rest and at peak exercise in patients with important coronary obstructions were 73 3 and 67-5 respectively (p <001). For those subjects who did not have important coronary obstructions, the resting and exercise ejection fractions were 78-7 and 80-1 (p=0-14). Sixty nine per cent of the subjects with important coronary obstructions had a resting ejection fraction <5000 or they failed to increase their ejection fraction with exercise, while 75% with multivessel disease had abnormal ejection fractions. Of those subjects without any important coronary obstructions, 68% had normal rest and exercise ejection fractions. Thus both the sensitivity and specificity of abnormal ejection fractions were less than the sensitivity and specificity of segmental wall motion abnormalities.
Because many cardiologists refer their patients with typical angina pectoris directly for cardiac catheterisation without preliminary testing, we divided our study group into subgroups with and without a history of typical angina pectoris. Of those with typical angina pectoris, 76% (59/78) had important coronary artery disease. Of those without angina only 26% (19/72) had important coronary obstructions. The sensitivity of exercise digital subtraction ventriculographic wall motion abnormalities for the detection of important coronary artery disease was 0-83 (49/59) for patients with angina and 0-79 (15/19) for those without angina. The respective specificities were 0-84 (16/19) and 0 74 (39/53).
LOCALISING CORONARY ARTERY OBSTRUCTIONS
In order to determine whether obstructions of the left anterior descending coronary artery caused anterior segmental wall motion abnormalities and obstructions of the right coronary artery caused inferior abnormalities, we calculated the sensitivities and specificities of anterior and inferior segmental abnormalities for the prediction of significant coronary obstructions in the respective coronary arteries. Of 53 subjects with important disease in the left anterior descending coronary artery, 39 (74%) had an anterior wall motion abnormality. Of 97 subjects without disease in the anterior descending, 67 (69%) did not have an anterior abnormality. Of ities for the prediction of important disease in the circumflex artery. Thirty six subjects had important obstruction of the circumflex coronary artery.
Thirty two (89%) had segmental wall motion abnormalities in the right anterior oblique projection.
Discussion
The results of this investigation suggest that exercise digital subtraction ventriculography is a sensitive method for detecting ischaemic wall motion abnormalities produced by coronary obstructions in patients without previous myocardial infarction. Its specificity and its accuracy in localising coronary obstructions are not as impressive as its high sensitivity.
In this investigation subjective analysis of wall motion at rest and after exhausting exercise was more accurate in predicting important coronary obstruction than was an abnormal resting ejection fraction or an exercise induced change in ejection fraction. This result is contrary to that of other investigators who used resting and exercise radionuclide ventriculography to predict important coronary artery disease.9 Though one explanation of this discrepancy may derive from the choice of patients without infarction, we can suggest three possible explanations. First, the high spatial resolution of radiographic images compared with the relatively low resolution of radionuclide images might explain the high sensitivity of digital ventriculography in the detection of segmental wall motion abnormalities. A possible explanation for the relatively poor performance of the ejection fraction response to exercise might be the use of the Dodge single plane area length formula. This method of determining ejection fraction was standardised on resting ventriculograms in subjects with relatively normal hearts. 10 
